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procOedc& vit- no at-teo b= r. i-i63 to vary the composition of fuew'
or catalyst.

It has been ccnsidered desirable to place the knoiled:,e of fue:
which spontaneously ignite "iith hyd'oz-n peroxide on a sounder b2;i
by investigating a wide range of possible fuels and studylrn their
reactions with hydrogen peroxide. Th3 present ro.ort Is a sMry
of an empirical program Vhose objcct vas to determine, on as broad
a base as possible, what compounds merited further conzideration as
possible fuel components. As such, the work may have been, at least
in part, a repetition of German investigations, the records of vhich
have been lost or destroyed. This view is supported by statements
in the'German literature, and by the fact that the results make the
German choice of fuels for development seen reasonable.

The program of ex-perimental work has consisted of applying a
simple igziitability test, first to a wide variety of different types
of compounds, and then to a bariety of compounds or combinations
taken from chosen groups.

The work is reported in two parts. The first is an account cf
tests for ignitability on a variety of systems without regard to
mutual solubility or physical condition. The second part is con-
cerned with attempts to form homogeneous solutions while preserving
the ignitability.

In evaluating the results reported it is emphasized that these
tests are exploratory. A positive rocult indicates the desirability
of further work on the combination, but is not to be taken as an
unqualified recommendation. Much further work is required on such
characteristics as storage stability, and ignitability under rocket
or power plant conditions before the fuel can be recommended for
operational use.
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Pa rt I.

Tes\ were first made on onv hundred and three single compoulnds.
Eight of 4ese ignited. They were hydrazine hydrate, two cor -le-
cobalt compounds (salcomine and fluormine), iron P-naphthalene
sulfonate, and four organic thioamides.

Combinations of a single fuel with an inorganic catalyst were
then studied. In most cases the catalyst was present in the solid
phase. One hundred and ten fuel compounds wer testý with each of
six catalysts containing Cu+l, Cu+ 2 , Ni+2 . Co+, Fe and Fe+3,
respectively. Fifty of the compounds showed ignition with one or
more of the catalysts. The activity of amines and aldehydes was
pronounced. Of thirty-two amines tested ,twenty-three ignited; and
of twenty-seven aldehydes, twenty ignited. Tests using cobalt
catalyst dissolved in the hydrogen peroxide agreed in general with
the above series.

In a further series of studies, three vanadium compounds were
used as cacalysts for tests with fifty-one fuel compounds. Ignitionwas observed in eighteen cases. All the aldehydes ignited with one
or more of ths catalysts, and severel amines ignited.

Various solid complex compounds have been prepared from cabal-
tous chloride and organic bases. Twenty-two of these vere tested
for ignitability with hydrogen peroxide. Ignition w...s observed in
thirteen cases.

Part II.

In general the procedure used in attempting to form homogeneous
solutions which were to be ignitable was to try to dissolve the
ignitable ccpounds either in one another c. in a mutual solvent.

Attempts were made to dissolve solid inorganic catalysts in
the single fuels with which they caused ignition. In eight cases,
ignitable solutions were obtained.

The single solid compounds, salcomine and thio-acetamide, had
been found to ignite with hydrogen peroxide. Tests were made to
determine the feasibility of dissolving these solid compounds in
solvents to form ignitable solutions. The attempts with salcomine
were tUnsuccessful.



d ,nt~o z hrceltc sf uul cae on eyr n Gyrt

Tp d i ohe i. of

have been studied in consUdeee,'0Ibe dotail ed arc the t' of a

separate report,(1)

Attempt3 were made to produce self-ignlting fuels frcm cz=,.on

fuels or solvents by adding a self-';,ta•l fue •ud caal.
Tests or benzene, toluene, kerosene, aId gso3-line have been in
general unsatisfactory because of catofy- l2r.solubll. t. Hcwe'rer,
ignitable solutions have been made frt.m o-noludnet-acetone-aclid

cuprous chloride, and from p-toluidino-ethyl elchol-cobaltous
nitrate.

REST7I-.CTED
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T " explor a:)ry tests were very si:--e Tho l .. °

or -M! X. or U'7 0 to be tested wa3 ,IXc.d 90 per cent Boceo

hydAogon. peroxide in dro- qu4ntities on 1 stauIne t

the results obýerred. At first, co)pounds were picked son~what at

random with the object of covering a groat deal of ground.

A. Sin ous- ...

The results of preliminary tests on single ccoponents are
presented below under four rmain headings.

Table I

Drop Test Results with 9M5 Hydrogen Peroxide
and Sinle Compournas

---- - -- ----------------------- -- ---------- -- -- -- -- ------

No Immediate Decomrosition

acetal furfuryl alcohol oxalic acid
acetic acid glycine paraldehyde
acetone p-hydroxyphenyl- paraformal.dehyde
acetone oxime glycilne phenol
acetyl acetone isopropyl ether phosphorous
o-aminophenol manganese tartrate picric acid

hydrochloride mercuric bromide silver benzoate
benzaldehyde mercuric iodide silver citrate

semicarbazone nercury succinimide sodium isoamylate

benzyl chloride m=,thionlne tetramethyl
benzyl peroxide methyl mercuric ammonium bromide

cinnamaldehyde chloride tetranitromethane
cyclohexane methyl mercuric o-thiocresol
cysteine hydrochloride hydroxide m-thiocresol
decahydronaphthalene methyl mercuric thio-F-naphtho.

(decalin) iodide o-toluidine
dibutyleamrine p-nitroaniline 2,4,6-trichlorophenol 0

dimethylgloxime nitrobenzene trinitrotoluene
dimethyl mercury nitroguanidine triphenyl guanidine
ethyl acetoacetate nitromethane urea
formic acid 2-nitropropane m-xylene
furfural p-nitrosodiphenyl zinc chloride

amine

RESTRICTED
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co'oaltcus carb~onate ~c e d i -:rI de
cobaltýcus for-.zato llnrcc' ate
ccbaltous oxnalat~e silver cartonatke
etha3nol amiine sodiumn amvalw,
ethylene diamine tri.etilylene, tetra"'Ane
eth-ylene diamnc Cupric vr~ad1um Tcntoxid

chloride
ethylene dipn.rnonium

chiorocuprate

S

allyl. thiourea- -- ------------- C 2=Cp.- CI2-I1hI-C-?fl12

Fluomine- ------------------ -o -~I

hyrziehydrate- -- ---------- H2N-NI{2 *H2 0

ferrous 0-neaphthalene sulfonate Fe O - '2 3H20

,CH2-CH2
"CH =N1-3 -IN -CH

't,4comine--------- -- -- -- -- 0-Co-

RESTR ICTED
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Consideration of thc compounds causing 7igorous decOmM03tion
shows first that nine of the fifteen are metallic salts which
could best be described as hydrogen peroxide decomposition catalyst.
Of the other s1x, three are amines and two are anine complexes wth
an lnorganic component. The remaining compound, amyl nitrite, i a
rather unstable and easily cxidizable compound.

In eight cases ignition was observed. Hydrazine hydrate has
been well known for its reactivity with hydrogen peroxida enO had
been used as the base for several German self-igniting fuels. For
consistent ignition in such use it is necessary to add a c.%.r Tyst,
but there is frequent ignition in drop tests even without caualyst.
Fluomine and salcomine are complex compounds containing groups
similar to amines, which are linked to cobalt. Iron salts of
naphthalene sulfonic acids were reported by the Germans to be good
fuel catalysts. We found that iron 0-naphthalene sulfonate
itself was ignitable. The remaining four compounds all contain the
thioamide group.

B. Use of Catalysts

There were several indications of the desirability of using a
metallic compound in fuels, which would act a& a reaction catalyst.
Among these was the German use of catalyst with hydrazine fuels and
the reactivity of the complex compounds described above. Some
catalyst contribution might be expected as a result of hydrogen
peroxide decomposition, but it will be shown below that there are
other effects to consider as well.

It had been re)orted that concentrated hydrogen peroxide was
decomposed by cobaltus nitrate ira an alkaline solution (2). This
was confirmed by adding a drop of dilute sodium hydroxide to a
drop of peroxide containing cobaltous nitrate. The reaction was
violent. This compound would seem tO be a reasonable additive to
organic bases.

RES•TRICTED
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P~ri:,) Tootn WIth Va.r1cii-; C-'zc,3 P-nd 90

and Fa+ 3  (xI oczignition)

Yb pnition

ace top1~enone n- t~ptane
acetyl, 0-arnisidirn. n-hexc..ne
azobenzceie Iscanry1 ether
azoxybenzene iorp2 loo
in-benizene disull'onic acid lacticPY acid o

berxzoyl chl.oride levulinic acid
o-brornoanisole P,-Y!nethyl naphthol
bromobenzene 2-methyl-2, 4-pentandiol
cyclohexene methyl n-propyJ. ketone
n-decane 0- nitroanisoie
3,5-dinitrobenzoic av-.id nitrobarbituric acid
1, 4-dioxane m-nitrcbenzaldehyde
ethanol amine nitrobenzene
ethyl bromide o-nitro ethyl benzene
ethylene bromide nitroguanidine
ethylene glycol p-nitroiodobenzene
ethyl fumarate nitromethane
ethylidene chloride 3-nitrophthalic acid
ethyl nitrate propyler~e glycol
forniamide quinone

n-vale ronitrij.le

Ignition vith Certain Catalys3ts

Catalst
Fuel Cu +1 C11+2Ni+ CO +2  Fpe+Z FO

2- anino-5-a~zoanisole x x

p-txmino~zobarzene x x

2-aminothiazole x x x

'elz .n-L tri to x

o-bromobenzoio acid x

RESTR ICTED



T-Ii wth Ccrtalý,.0,.+ C11 t s (C 0,

Y ýtt~lene glycol

d" thyenegl::z,-ol
diethy). e~i-her x

2? .05diimethyl furarn x X

.ýurfuryl alcohc'l ____ I___
13OVMyl1 nitrite ____ x x
0-mothoxybenzoic acid x

nicotine x x -- -X

p-nitrobenzoic acid

nitron x xx

p-nitrophonolX

a -nlitroso- P, -napthol x

l-phenyl-3 -methyl-
.5-pyratolone - -- x ___1

thiodiglycol x - - x

thio-p -naphthol x

Table III.

Rrop Tests with 90% H{ydrogen Peroxide a~nd
Organic Bases-of-Varying Base-Strength. (x Indicates Ignition)

- - Catalyst
+1 + +2 +2~ +2W +Kb None Cu Cu N1 Co Ve Fe

Tptul- - --- -

diethylaznine 1

piperidine x x

urea (S olid) 1 -4- - - -

di- isobutyleamine x ý

RESTR ICTED
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Z ~ ~ ~ ' Of ) -0

d10 I o 
____ 

y 1

d to~liuidine 10 -___ xf

qu"Lnoline 10~_______ x x

phenyl hydrazine x x x x x x

p-toluidine (solid) x x x

P -naphthylamine 1
(solid) 10- x x X X

o- phenylene
.diamine x x x x x x

m-toluidine x x x x

enh~t~acid 10x x x

mnethyl red3
(solid) x x X

acetone oxime 0-1 x x

tcoet&nilide: (solid) o4x x

hexainethylene- 1
tetramine (solid) -i10- x x x

tiue10x x x x x

ac etaniide
(solid) ___ ___

RESTR IC TED
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butoyraldehyde

o- chiorobý' en-zaldehydo-- -

c irnnamna2.d e hy d e

crotonaldehyde x x x x x x

3,4-diethoxybenzaldehyde x x

2.4-dihydroxybenzealdehyde x x x

'o-ethoxybenzaldehyde x x xi
,3-ethoxy-4-hydroxybenzaldehyde x x x xi

2- eptahy~btr~de hd

2-ehydrheiamldehyde

±'uhyroxberaded -X x x x

hep aoae aldehyde

0-mdroi enaz1aldehyde - -

m-nyitroxbenzaldehyde' x x-

p-hydroxbenzaldehyde x X, x x

parvaldehyade xd

o-methoxbenzaldeyde x x



ic....... Zd 7 .7:,, i i . .

.he tozts shol.red in sc;ze ca.--; th., aztivity could be asc'ribed
to the presence of certain functional toupa. in the case of or:jýJic
b,.•,zo and aldehydes, the i.,-nitabilhty of tae c c'-ounds initially
t,,ted was sufficiently consistent with the pr2 .ce of the func tn
group so that a larger nuCber of theie ccr;ounds vas tested and
r,ýrorted separately in Tables III and IV.

The ignitability of the bases is apparvnntly associated with
their tendency to form complexes with the catalyst and with the
stability of such complexes. On the basis of the early experin-onts
with these compounds, it was thougnt that the base strength of the
commpounds was a sufficient indication of the complex stability to
give some correlation with ignitability. (3) The mtre complete
results plotted in order of base strength ii. Table III do not support
this view, and there is no obvious correlation.

The aldehyde test results are given in Table IV. In general,
aromatic aldehydes, notably benzaldehyde derivntives, ignite with
H202 in the presence of Cu+l, Cu+2 , and Fe+ 2 catalysts. Aliphatic
aldehydes usually do not ignite. Exceptions to the above are the
ignition of isobutyraldehyde in the presence of Cu+2 and the
ignition of butylaldehyde, isobutyraldehyde, and paraldehyde in the
presence of Fe+ . Hydrocinnamaldehyde does nol. ignite vith H2 )02
and any of thecatalysts while crotonaldehyde is ignitable with all
the catalysts.

The miscellaneous group (Table II) contains nineteen ignitable
compounds. Three of these cort:.in amino groups as well as other
functional groups. They might be expected ot ignite on the basis
of the results with simple azines. It should be noted that there
is one amino compound, ethanol amine, which does not igr'ite with
any of the catalysts. There are also three substituted benzoic acids
which ignite, although a fourth, 3-5-dinitro benzoic acid, does not
ignite.

The remaining compounds are more difficult to classify. There
are two sulfur-containing compounds, two compounds containing the
furan. ring and three heterocyclic nitrogen compounds. The remaining
compounds defy classification. One of these, benzonitrile, ignites
only in the presence of cuprous copper. It can be seen from the
table that the remaining five compounds, diethylene glycol, diethylene
lycol diethyl ether, isoamyl nitrite, p-nitrophenol, and a-nitroso

f-naphthol, react only vith iron, which is also a hydrogen peroxide
decomposition catalyst of reasonable activity. At this point, it

RESTRICTED
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omea, contsibuition.I iro catlyicdecooiton tht asei is pectonsibe ovi:2

seolui.n"os te hydrogen.prxd wooitehan active deacoition n atalyst,-nce
pofucinge cnoiiigatalsohaesprhereshat nuchat thepedrature thast witpl
ora ctitc iuelermuchate alohls iThete iheno coth rebto sprye into

throie decompositionhme. (5 Acobntnofheto fetsi

tlnost certainl preondtions thecaser of iro compoundabued ts self-
ignitiongribuecalyts.n foyIro deompounsiton may caus apostherevioru
decom-posieono hydrogen peroxidewtha acthoug theyopodtono coarelst

faoalytther cie decomposition chabr1)Acmiatalyts 0of the ow fethers

'hand, the variations in ignitability of different compounds with
hydrogen poeroxide using iron as catalyst indicate that there is still
a considerable specific fuel- catalyst-hydrogen peroxide reaction.
The variety of fuels which ignite with iron catalysts and not with
the other catalysts indicate the effect of a combined action where
the decomposition raiseg the temperature to a point where rapid
oxidation of the fuel takes place either by a catalytic mechanism
or by combustion with the liberated oxygen. This viewpoint provides
a plau."Oble explanation of the fact that the miscellaneous compounds
mentioned above ignite in the presence of iron but not with the
other catalysts.

D. Tests with Cataly[st Dissolved in Peroxide

Similar tests were made on a variety of compounds using cobalt
as the catalyst and dissolving the cobalt in the hyd~rogen peroxide.
This, of course, may not be permissible operationally, but the
peroxide decomposition before mixing Vith fuel was small enough to
permit the use of the cobalt solution for these tests., These results
are shoifn in.Table V.

RESTR IC TED
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1u R 1 aesult
•n !...amr• visL=o.)us d:'oo::zosi•tion - fa;•

d ibeT.rzy.amine vi-orcus deci.onosition

di-n-bUtylamine vlporous decomposition

diethylamine vigorous decomposition

diethyl n toluidine vigorous decormosition - flame

diethyl mo-toluidine vigorous decomposition - flame

diethyl o-toluidine vigorous decomposition - flame

ethanol amine vigorous decomposition

ethylene diamine vigorous decomposition

hydrazine hydrate vigorous decomposition - flane

mercury succinimide no reaction

methylanlline vigorous decomposition - fla:ý3 ond
explo sion

p-nitroso diphenylamine no reaction

nitrosomethyl-aniline slight decomposition

phenyl hydrazine vigorous decomposition - flame

tetramethyl-ammonium bromide slight decomposition

o-thtocresol moderate decomposition

m-thiocresol no reaction

thiophenol moderate decomposition

o-tolidine vigorous decomposition - flame

Cc-toluidine vigorous decomposition - flame

m-toluidine vigorous decomposition - flame

tri-n-butylamine vigorous decomposition

triethylene tetramine vigorous decomposition

Discussion

In general, the experiments with dissolved catalyst bear out the
conclusions reached from the first drop tests. The activity of amine
compounds is again obvious. There are a few results which should be
mentioned because they do not conform. In two cases, compounds

RESTRICTED



('C-t ainir, P- ai. no gc u s d i d n ot shoji vi,2Oro!ý' atien Eoth t
~u~nscontain nitrozo grou7-s *~o ~ ot.o~Az

mcoUpzvdls, o-thiocreo~ol and it-thiocr-aol, 'whiich did not, :r ac t

711i Cc o~d 3

G,~n.wrhr hava c2l.sl-.od that vanadiu-I, cb~u~O~J2OOtteXr
~nta~stsfor hydrazi~n3 ~~ ip,,ýAtitcrj th-aft cc an'~ I'dc
pou.-ds(0 Potla~siuya and vodiu , vsndate wiD'pl t'0 ,r 0

dcýco-mpobition catalyst.3 for cccnrtVhyr~n xd , ý.1

an-moniurn reta-vanadaite, sod.ul--iýie ta-vranadate, cmd. vanazdliumr .-716ox.d
are good decomposition cat-aly ts. IResult's of drop te3ts with thie
latter three vanadium catalv4,s and mis cell aneous liquids are shovrn
in Table VI.

Trable V1.

Drop Tests vith 9c~ 0H, rogeil Peroxide, Vanadiumn C at a,! s t
and Mbs. Al2aneous Com.Donds

(x Indicates Ignition)

cctalyst ______

C~V 05joui Vli" ________ NaVO-

'Acids-Acid derivatives

benzoyl chloride x

n-butyric anhydride x

ethyl cyanoacetate

ethyl funiarate

frormerfide

lactic' acid

levulinic acid I
Alcohols-Alcohol derivatives

diethylene gl~Tcol

diethylene glycol diethyl ether'

ethylene glycol

furfuryl alcohol x x

is.v~ropyl alcohol

'RESTICTEDl
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aniseldehylle xx x

benza~ldehyde x xj 7.

n-bultyraldehyde x

crotonalcdehyde x x x

o- ethoxybenz aldchyde x x

furfural x x x

salicyla"'Lehyde fx x x

m-tolualdehyde x xx

Amine type
berizylaznlne

o-bromoaniline

n-butylantine

cyclohexylamine x

dibenzylaniine x

diethylamine ____
di- isowaylamine

di- isobutylamine

dirnethylaniline xt_____
ethanol amine x

ethylamine (33%)

ethyleniline

RESTR IC TED



etlaylene diamine

h-.ýrazine hydrate (5)xx

O- iodotcululdine j____ __ _____

nicotine ____j______
phenyl hydrazine, X 4 x

pyridine 1
quinolinef-

m- toluidine

tri-n-butylamine

triethylamine

triethylene tetrwnine x x X,

t ri-n- propyl amine

Ethers

an i so l e __________________ I____________________ ________________________

o-bromoanisole 1
1,,4-dioxane x -tx
isoamyl e~ther

isopropyl ether I Xx

o-nitroanisole ýx x

Hydrocarbons-Hydrocarbon derivatives

b romobenz ene

cyclohexene :X x

decahydrorna~htha~ele I 1

n- decane______

2,5-dirnethyl. furan x



n - (

, 1*

ATA- h mt ae

nitrobenzene

o-nitro ethyl benzene I I

nitrozrethane 1 1
m-xylene

Nitriles

acetonitrile

benzonitrile x x

n-val.eronitrile

Miscellaneous

ethyl nitrate

isoamyl nitrite

methyl n-propyl ketone

The aldehydes ignite rather consistently with these catalysts,
and there are several amines which ignite. The scattered results
using other types of compounds are rather difficult to explain and
may be partially due to the decomposition type of mechanism discussed
above with respect to iron.

F. Cobalt Complexes

Numerous solid compounds were prepared by precipitation from
mixtures of some of the catalysts and organic bases. These have the
general formula, Co(A)aXb, in which A is an amine and X is a halogen.
Two of these complexes, which were formed from alcoholic ccbaltous
chloride and (1) hydrazine hydrate, and (2) o-toluidine, have been
analysed. Their formulas have been found to be (1) Co(N 2 E 4 ) 2 C1 2 and
(2) CO(C 71{7TNH 2 ) 2 C12 . Some twenty-five similar compounds have been
prepared using representatives of different classes of amines as well
as hydrazine. These compouzids were tested for reactivity with hydro-
gen peroxide by observing results when a drop of 90 per cent hydrogen
peroxide fell on a small sample of each. Ignition occurred in thir-
teen cases. The primary amines, both aromatic and aliphatic,
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cyc 1 ohair:y1 emine :;4hdzir,.
diethylar.wine
d i- i scbutyl anine unir
ethylarnine (3,3>j in water) .tri-n-butyla,-.ino

t i - n - propyl ar~ilne

Fclor 11 ýi -Cn
diethyl1-m--toluidine
d I- 11s oamyl. amine
ethylani]. ane

Good Ignition

n-buty~ amine . -toluidine
diethylaniline m- toluldine
hydrazine hydrate p-ttolu~idine
m,ýthyl erniiine tribenzylantine
P-naphthyilemine triethylaxnine

- - - - - -- - - - - - - - - - - - - - - - -- - -
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C:;-i.v.s. ts in the fue. t w... 1 .. .... tr... ....... L'"• t e t..
Thle scconri incll-dei h rot to dizol3~vý ,3r~' oidI7til. .....ý s I i d t~he L..'--lZ

cc:ýOOunfs3 in suitable solvents "h"lle 1 t
The thir'6 section reports at,,jt to us'..e .....
non-self-i7niting. but choP fuels as dliuent3 fo r t'e ..,,
mixtures.

P. Solution of Cotalyjst in 1rnitable Cor=ournds

The first attempt to dissolve catalysta in ignitable copounds
consisted of shpAking some of the prcspectlve co,&ataytt with a sm!l

,antity of fuel in a test tube, alloying the solid to settle and
canting off the liquid. The liquid was then tested for ignitabili-

-y by the usual drop test pro dure. Results are reported in
Table VIII.

Table VIII.

Drop Tests with 90K,. Hydrogen Peroxide on Fuel

Subst&nces wvii :rarious Catalysts in Solution

Fuel Catalyst In SOlution Result

aniline acid cuprous chloride vigorous decomposition-flarie
ferric benzoate slight decompositlon

benzaldehyde ferric benzoate slight decomposition

benzylamine potassium cuprocyanide vigorous decomposition-
f p cme

dibenzylamine potassium cuprocyanide vigorous decomposition
Ithanol amine potassium cuprocyar, de vigorous decomposilton- ,

flame

ethylene diamine •uprous cypnide vigorous decomposition
ethylene d4amine

cupric cnloride vigorous decomposition
ethylene dlwam.wnium

chlorocuprate vigorous decomposition
potassium cuprocyanide vigorous decomposition
sodium nitropilUsside vigorous decompositionr
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...... •t in Solution Fce1]lt
- - -- - - - - - -- - - - - - -- - - - - - - - - - - - - --- -. --

I -no ir 11 1olr i c ac id C o v to -y s 11irrt decc~-;uosi-
tion

sujlfuric acid (cone.) viLorous decomrposition-
long deolayed flame

hyli r. e hydrate ethylene dlauine
(35f) cupric chloride vigorous decomposition-

flame

ethylene diammanium
chlorocuprate vigorous decomposition

o-toluidine cobalt acetate vigorous decomposition-
sparks

cobalt aimmonium chloride moderate decomposition-
sparks

cobaltous chloride vigorous decomposition-
flame

cobalt chromate slow decomposition-flame
cobalt sulfate vigorous decomposition-

flame
copper sulfate moderate decomposition
cupric cyanide moderate decomposition
ethylene dianmmoniur

chlorocuprate vigorous decomposition
ferric sulfate moderate decomposition

ferrous sulfate vigorous decomposition-
flame

nitric acid (conc) vizorous decomposition-
flame

sodium nitroprusside moderate decomposition

Discussion of Table VIII.

Eipht of these compounds ignite satisfactorily, giving vigorous
decomposition and a flame. The catalyst in four of these cases was
a complex copper compound, and in two cases a cobalt salt. One case
of ignition was observed with an iron salt and in the remaining case
the fuel was a mixture of o-toluidine and nitric acid.

Further work has been carried out on the aniline-acid cuprous
chloride combination. It has been found that on standing a
precipitate frrms which contains copper. The composition has not
been satisfactorily determined. The other0 combinations have not as
yet been investigated further.
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S.-'1 of 0-toluid.ne hydrolo.lida, hCdrinu,,, dcadIc, .:j'-3
h ' -n 1ulo:'i&. ar,. •r•2•.rw1d to Inve te. a rcýort h:t I

,Iml i::rc ve t,,• l;.! ion ol h"',, - z , hyýj ".s• EB th hydr "'T-, .

• •Cd CtC1d .crava the cor.3i stoncy of IL;nition of Lz•'

in. o:-, -t ýUd.n J .2pdU:3J<''S

e... . v l.u, m cat al ys ts r, ntioned in Part'I W wo re-

r .. x .. w, p cr ccnt hydrazir-O hydrate. Tney all
"rc.ct v" tle ,d.razine to produce blue, bro-wn, or green r,.xturcs.
Ti-e aa.-z. n sodium meta-vanadate mixtures are moze conaistently

i &z~e t.i-~.n hydrazine alone while the vanadium pentoxlde mixture
increases the violence of the ignition but not the consistency of'
ignition.

These catalysts were also mixed with thiodiglycol. None of
the catalysts was very soluble. The mi.-ture with sodium meta-
'yanadate was inconsistently ignitable while neither of the other
mixtures ignited at all with hydrogen peroxide. A mixture of
thiodiglycol and ethyl alcohol was shaken with hydrated ferrous
chloride for 10 minutes. This mixture reacted explosively in a
drop test.

B. AttemDts to Dissolve Ignitable Solid Compounds in Fuel
Substances

An attempt was made to dissolve two active solid compounds,
salcomine and thioacetamide, in an inexpensive solvent. The results
of these experiments are shown in Tables IX and X. In all cases a
saturated solution of the active solid was used.

Table IX.

Drop Tests on Salcomine Solutions with 90%

Hydrogen Peroxide

Slow Decomposition

acetal furfural
decalin isopropyl ether
ethyl acetoacetate paraldehyde
ethyl nitrate toluene

Vigorous Decomposition

eamyl nitrite ethylene diamine
diethylaminoethanol nitromethane

------------- ---------------------
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0. 1. .A.(Cont~d)

No ignitnbie solutions were produced, a .thou h salcorAine itself
1inites. In w3st ca.zs tha solubility wa3 very 10u.

TIble X.

Drop Tests on Thioacetanide Solutions vith 90•

Hydrogen Peroxide

Slight Decomposition

acetal 3,4-dlethoxybenzaldehyde
acetic acid diethyl m-toluidine
acetone ethanol amine
amyl acetate n-ethoxybenzaldehyde
amyl alcohol ethyl alcohol
anisole ethyl ether
o-anisidine formic acid
benzaldehyde n-heptaldehyde
n-butyraldeh-yde nitrobenzene
n-butyric anhydride thiophenol
decalin m-toluidine

Vigorous Decomposition

aziridine furfural
o-bromoanisole hydrazine hydrate
diethylamine sal Cylaldebyde
ethylene diamine

annisaldehyde cinnamaldehyde

-------------------------------- -------------

It is seen that ignition was obtained in only two casen. In
each case the solvent was an aromatic aldehyde.

Iron •-naphthalene Suphonate

German sources reported that iron salts of substituted and un-
substituted naphthalene sulfonic acids were good catalysts for the
ignition of mixtures of Liethyl alcohol and pyrocatechol. The
ferrous salt of V-naphthalene sulfonic acid was prepared and was
found to be soluble in methyl alcohol. Both the salt itself and its
methyl alcohol solution are ignitable with concentrated peroxide,
even in the absence of pyrocatechol.
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A ri:thvl alcohol solution of ferroucr n-'.n~h'½!e'- sulf'onte
w'ns mixed with p-rocatlchol in the correct pop:orticns to give a fuel
sizilar to the German E'7goi 56". This fuel contained by weight:

7 .5,o ferrous dibutyl naphthaler.e sulfonate
62.S, z:nothyl alcohol
30.01-1 pyrccatechol

Ihe ferrous 3 nraphthalene sulf.ona".t mlxture gave a fuel comparable
to the .Ger.• •r. fuel.

E..hyle.ne glycol, propylene glycol, resorcinol, hydroquinone,
and o-cresol were successively su. tituted for the pyrocatechol to
determine whether similar compounds would produce an ignitable fuel.
The ethylene glycol fuel did nct ignite and <ropylene glycol gave
a very lcng ignition delay. The fuels made f'icm resorcinol,
o-cresol, and hydroquinone ignited but had a longer delay and were
less consistent than pyrocatechol.

Organo-metallic Compounds

Four organo-metallic compounds were dissolved in several
solvents and the rtzulting mixtures drop tested with peroxide.
Alone, copper dib'ttyl dithlocarbamate, cobalt propionyl acetonate,
and cobalt linoleate react with 90 per cent hydrogen peroxide giving
a shower of sparks or flames. Chromium dibutyl dithiocarbamate does
not react with concentrated peroxide. Ir most cases the compounds
were insoluble in the following solvents: etiiyl alcohol, acetone,
methyl alcohol, benzene, aniline, and ether. When a compound did
dissolve, there was little or n) decomposition with peroxide.

Cobalt complexes

The complex compound, cobalt di-p-toluildyl chloride
(Co(C7HANH2) 2 C1 2 ), made from an alcoholic cobaltous chloride solu-
tion an an alcoholic solution of p-toluidine produced sparks with
concentrated hydrogen peroxide. This compound was mixed with several
solvents in an endeavor to produce an ignitable fuel mixture. The
results are shown in Table XI.

Table XI.

Drop Tests with 90% Hydrogen Peroxide,

Cobalt Di-p-toluidyl Chloride, and Several Solvents

'goli-int------- - - - - - - -- olbTM,-v -f-C- -1 RAes~ult ii-thH-'-0

acetic acid slightly soluble no reaction

acetic anhydride soluble slight decomposition

acetone soluble no reaction

alcohol, absolute soluble vigorous reaction

alcohol, 95% soluble vigorous reaction
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Solvent ......... S~olub ilitv of Co~nlex IResult_wi,,h ~1 0Oa
amyl acetate soluble sligh Meo.psto

ar,1l alcohol soluble slight deconmnositiLon

aniline slightly soluble delayod deco;-poaiticn

bentene insoluble no reaction

bromobenzcne slightly soluble delayed deconaposition

carbon disulf~ide insoluble no reaction

di-tert-butyl peroxide insolub.4e no reaction

ether slightly soluble vigorous decomrp'. 3fr_

formic acid insoluble no reaction

gasoline, aviation Very slightly soluble small delayed
.decomposition

gasoline, 'white very slightly soluble small delayed
decomposition

glycerol slightly soluble slight decomposition

hydrazine hydrate (85%) soluble explosion

kerosene -very-slightly soluble small delayed
decomposition

methyl alcohol ..soluble vigorous decompositicr

phenyl hydrazine soluble large flash

turpentine slightly soluble small delayed
decomposition

o-toluidine soluble delayed decompositior

The results mere negative in most cases. There was ignition

in the case of hydrazine hydrate and pheny'l' hydrazine. Altnough

hydrazine hydrate will ignite inconsia3tently without catalyst, the

catalyst did dissolve in this case and aided the consistency of

ignition.
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C. UTŽ:e of In :' rniv• C- .... , -

Th~e self-ieniti• fuel sso fao (-'elo!;ed ha.ve baen for
the most part either e.3e3nive or scace. i -ts tha G-e=:'2.n custom
to dilute these fuels acs ruch as possible with non- self-initable
but easily available iuelsin p....Cce has
been the Gercan dilution of h,-', .. , hydrc.t• with water 'nd ',
alcohol to produce the vc-,rIou C-W off'7. ;7 wc-s con3idercd that it
migrt be possible to urcc.uce lef-_i•, l~ty in cen-,on f.1els
( such as g-solire), by the addition of rather s:.all quatt"-ez, of an
ignitable fuel and/or catalyst.

Work on the dilution of hydrazine has been carried out on this
project and is included in a separate report on the use of hydrazine
hydrate(l)Lttempts have also been made to dissolve ignitable fuels
and catalysts in hydrocarbon compounds in sufficient quantities to
make the solution self-igniting. This is a difficult problem because
of the expected low solubility of such mixtures.

The procedure has been to shake a mixture of ignitable fuel,
hydrocarbon fuel, and catalyst. Usually both phases were then tested
for ignition in drop tests. The results of tests on the hydrocarbon
layer on a number of such combinations are reported in Table XII.
These results are uniformly negative, probably due to low catalyst
solubility. This view is supported by the fact that o-toluidine-
kerosene mixtures do ignite when the two fuels are mixed as above
but the catalyst is dissolved in 1.he peroxide.

There Is some possibility that the catalyst might be introduced
in the form of an organo-metallic salt although the ones tried have
produced little activity. It might be feasible to produce a stable
colloidal solution of the catalyst in the fuel.

Table XII.

Drop Tests with 90 % Hydrogen Peroxide and

Hydrocarbon Fuel Mixtures

-ydroron --- - fh Mx7r C at al-s t Reisul t
benzene acid cuprous ho reaction

chloride

water copper sulfate no reaction

water ferrous
sulfate no reaction

gasoline:
aviation
(130 octane) cobaltous di- slightly soluble--

p-toluidyl slight decomposition
chloride
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T, le XTI. (Cont'd)

Droo Tests vith 90•ý IHydro~en Peroxide axid

HyTdr~or on Fel M" xtures

gasolina (cont'd) coprer pro- slir-htly soluble--
(130octne)pianyl '.Inrconsi~stenat, lonSg
av~tonacetonate delayed ignitio,

salcomine irisojuble- -no
reaction

85%~ hydrazine sodium nitro- slightly miscible
hydrate prusside & noratn

potassium
cuprocyanide

phenyl hydra- sodium, poteas- immiscible-
ziesium & cuprous moderate decomposi-

cyanides tion
etylscohol phenyl hydra- immiscible--n

and water zine & sodium, reaction
potassium and
cuprous cyanides

o-tolulidne :anmonical. moderate decompo-
copper sulfate sition

o-toluidine copper sulfate limaiiscible- -
precipitate- - no

reaction

o-toluidine acid cuprous Immiscible-- no
chloride reaction

o-toluidine sodium niitro- slightly miscible
prusside slight decompo-

sition

gasoline: 85% hydrazine sodium nitro- slightly miscible
white hydrate pi'usside and no reaction

potassium cupro-
.cyanide

Kerosene manganese insoluble-a no
sulfate reaction

duponol copper sulfate no reaction

85% hydrazine sodium nitro-
hydrate vrsieand Immiscible -- no

potabsituth cuoro- reaction
cyanide

toluene ferric benzoate no reaction

ferr'ous 0 naphtha-
lene sufl onate norctn



?7.

P-Sult3 are shomnn in l XII fc,: r- . Of ... vceollaCou3
luels •4hich were diluted pi-th r l •.of
IK,.itIon vith peroxide was o v" ... >"i ne ac"d cuprous
chloride %Las diluted Vitah cton and "hcn p- toluidine-cobaltcus
nitrate was diluted with ethyl alcohol.

T.bl e XTTI.

D)rop Tests V.ith Ci Mydroz-n Perotid a nd Multi-

Comnonent Fuel Sytec.,,

Fuel_1 Diluent_ Cat aiyst Result -

acetone oxime ethyl alcohol cobaltous nitrate vigorous decompo-
sition.

a -amino
pyridine ethyl alcohol cobaltous nitrate vigorous decompo-

sition

benzene ethyl alcohol cuprous chloride no reaction

hexamethylene benzylamine cuprous, sodium, & vigorous decompo-
tetramine and water potassium cyanides sition-inconsistent

ignition

o-phenylene ethyl alcohol cobaltous nitrate vigorous decompo-
diamine sition

phenyl hydra- ethyl alcohol cuprous, sodium & vigorous decompo-
zine hydro- and water potassium cyanides sition
chloride

o-toluidine acetone acid cuprous vigorous decompo-
chloride sition -sparks-

flame
water cuprous, sodium & no reaction

potassium cyanides

p-toluidine ethyl alcohol cobaltous nitrate vigorous decompo-
sition- flame
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IV. BTE IcC ,"'.

..... I... . Pro.rt.es ard Uses as a

(eport I o. - o, -iR 1_ .X-Co onT--r•act No. N5ORI-78B. Darling and G. M. Ke.wvna~h, M•1I.T.,D.I.C. 6552,
July 15, 1947

4464-1 4 June 1945
Lester from G. Broughton to T. K. Sherlwood

(3) Self nig Fuels for use with H drogen Peroxide
Report No. 8 NOrd Contract 4Jrd 9107 Task G
G. M. Kavanagh, J. E. Leffler, R. C. St. Johm, M.I.T.,
D.I.C. 6351 July 1, .946

(4) The Oxidation of Hydrazine by Hydrogen Peroxide
Bachelor of 6clence Ti'nesis, D. H. Nelson, ,I.'T.,
Sept. 1947

(5) Preliminary Investigation of Hydrogen Peroxide as
a Rocket Motor Propei2ant Component
Progress Report No. 3-24 S. A. Johnston
JPL - GALCIT Feb. 1945

(6) Report of Work on Special Fuels at Peenemfinde West
A.D.I. (K) Report No. 4, 1946
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St-~bili, -a R-ir ~ Of Hzldarz.2_

,aSsachuscttL Institute of Technolczy

DIC 6552
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Guided Missiles Commi~ttee
Joint Research end Development Board
New War Department Building
Washington, D. C.

Headquarters, U. S. Air Force
Washl."gton, D. C.
Attention: AC/AS-4, DRE-3, Pentagon

Commanding General 2
Wright Field
Dayton, Ohio
Attention: TSEOL

Mr. W. D. Dodd

Chief of Bureau of Aeronautics 4
Navy Department
Washington 25 D. C.
Attention: TH-4.

Chief of Bureau of Ordnance
Navy Department
Washington 25, D.C.
,Attention: Re6a 3

Re9e e

Chief of Bureau of Ships
Navy Department
Washington 25, D.C.
Attention! Code 633 2

Code 432 1
Code 620 1

Commander
Naval Air Materiel Center
Philadelphia, Pennsylvania
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Commanditig Officer
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U.S.. Naval Ordnance Test tt4
Inyokern,, California
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174F Street, N.W.

Wtashington, D. C..
Attention: Mr, C, H. Helms

Direct-or, Naval Research Laboratory
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Washington, D, 0,

Head of Post~raduzte School
UJ. S. Naval Aicademy
Annapolis, Maryland

'The Library
Joint R~esearch ohd Development Board
Washington 25, D% C..

Office of the Chief of Ordnance
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War Department
-Washington, D. C.
Attention.: .0OTU

Naval Ordnance Laboratory
Naval Gun Factory
Washington, D. 0.
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Ordnance Research And Developmn
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Fort Bliss, Texas

Chief of Naval Operations
Navy Department
Washington 25, D. C..
Attention: OP-57

Naval Inspector of Ordnance
'Electric Boat Company
ýGroton, Connecticut
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CnAei of Natral Research
•ay De-par-ment
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1ho British Admiralty Delegation)

Chief, Research and Zng3neerinS Division

Office Chief of Chemical Corps

Army Chemical Center, Maryland

Atomic Energy Con;mission
Division of Military Application

Public Health Building
19th and Constitution Avenue
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Attention: Col, D. J. Keirn

First Anti-aircraft Artillery Guided

Missiles Battalion
White Sands Proving Xrounds

Las Cruces, New Miexico

Department of Army
Director, Research and Development Division

General Staff, U. S. Army

Pentagon Building
Washington 25, D. 0.

Head of Ordnance and Gunnery
U. S3 Naval Academy
Annapolis, Maryland

Professor of Ordnance
U.S. M4ilitary Academy
West Point, New York

Naval Ordnance Development Unit

The Applied Physics Laboratory
Johns Hopkins University
6621 Georgia Avenue
Silver Spring, Maryland

Bell Aircraft Corporation Bureau of Aeronautics

Niagara Falls, New York Representative

Attentiont Mr, R. H. Stanley Cornell Aeronautical Lab.

Kr, B. Hamlin Box 235
Buffalo 21, New York 1
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